The p r o c e s s w a s o r i g i n a l l y developed t o p r o t e c t s t e e l a g a i n s t c o r r o s i o n w i t h o u t hydrogen e m b r i t t l e m e n t and t o p r e v e n t e x f o l i a t i o n . c o r r o s i o n of t h e c o u n t e r s i n k s i n aluminum s t r u c t u r e j o i n e d w i t h s t e e l f a s t e n e r s . Howe v e r , t h e I V D p r o c e s s and aluminum c o a t i n g a r e extremely v e r s a t i l e , and t h e v a r i e t y of a p p l ic a t i o n s has g r e a t l y expanded. Operating e x p e r i e n c e o v e r t h e p a s t d e c a d e h a s l e d t o equipment and p r o c e s s r e f i n e m e n t s .
s t a t u s of a proven p r o d u c t i o n p r o c e s s o f f e r i n g b o t h r e l i a b i l i t y and c o s t e f f e c t i v e n e s s . The p r o c e s s w a s o r i g i n a l l y developed t o p r o t e c t s t e e l a g a i n s t c o r r o s i o n w i t h o u t hydrogen e m b r i t t l e m e n t and t o p r e v e n t e x f o l i a t i o n . c o r r o s i o n of t h e c o u n t e r s i n k s i n aluminum s t r u c t u r e j o i n e d w i t h s t e e l f a s t e n e r s . Howe v e r , t h e I V D p r o c e s s and aluminum c o a t i n g a r e extremely v e r s a t i l e , and t h e v a r i e t y of a p p l ic a t i o n s has g r e a t l y expanded. Operating e x p e r i e n c e o v e r t h e p a s t d e c a d e h a s l e d t o equipment and p r o c e s s r e f i n e m e n t s . I n c r e a s e d throughput and g r e a t e r r e l i a b i l i t y of t h e I V D equipment ( c a l l e d I v a d i z e r s Q ) have improved p r o d u c t i v i t y l e a d i n g t o c o s t e f f e c t i v e product i o n o p e r a t i o n s .
The growing number o f I V D i n s t a l l a t i o n s i n c l u d e a e r o s p a c e m a n u f a c t u r e r s and m i l i t a r y o v e r h a u l f a c i l i t i e s .
I n a d d i t i o n t o t h e United S t a t e s , c o a t i n g f a c i l i t i e s have been e s t a b l i s h e d
i n F r a n c e , England, Canada, J a p a n and A u s p a l i a .
These f a c i l i t i e s i n c l u d e indep e n d e n t ' j o b -s h o p s which o f f e r c o n t r a c t c o a t i n g s e r v i c e .
MCDONNELL AIRCRAFT COMPANY (MCAIR) , a d i v i s i o n of McDonnell Douglas C o r p o r a t i o n , has developed a p r o d u c t i o n p r o c e s s t o a p p l y a n aluminum c o a ting by i o n vapor d e p o s i t i o n (IVD) . This development p r o v i d e s a s o l u t i o n t o many of t h e p l a t i n g problems e n c o u n t e r e d w i t h i n t h e a e r os p a c e and o t h e r i n d u s t r i e s . The c o a t i n g i s a s o f t , d u c t i l e c o a t i n g w i t h p r o p e r t i e s v i r t u a l l y i d e n t i c a l t o t h o s e o f p u r e aluininum.
Tt!e I.VD aluminum c o a t i n g , e x t e n s i v e l y t e s t e d i n l a b o r at o r i e s and i n s e r v i c e environments, has been v e r i f i e d a s a n e n v i r o n m e n t a l l y c l e a n , h i g h performance c o r r o s i o n r e s i s t a n t f i n i s h . T e s t d a t a , t o o voluminous t o r e eat h e r e h a s been p r e v i o u s l y p r e s e n t e d . ( 1 ) * ( 9 ) ( 3 )
The I V D p r o c e s s i n g equipment, c a l l e d I v a d i z e r s , which a p p l y aluminum and s e v e r a l o t h e r c o a t i n g s have been i n p r o d u c t i o n s i n c e 1974. I n i t i a l o p e r a t i n g e x p e r i e n c e w i t h t h e I v a d i z e r equipment i d e n t i f i e d needed r e f i n ements i n t h e c o a t i n g p r o c e d u r e s and equipment.
R e l i a b i l i t y and c a p a c i t y were such t h a t equipment t h r o u g h p u t l e v e l s were t o o low a n d / o r c o s t s t o o h i g h f o r some a p p l i c a t i o n s . Today equipment r e l i a b i l i t y and throughput is f a r s u p e r i o r t o t h a t o f 5 t o 8 y e a r s ago. Machine up-time f o r r a c k c o a t e r s a t MCAIR i s 80%. h a t e r c a p a c i t y h a s been i n c r e a s e d t o 50 s q u a r e
f e e t of c o a t i n g area. S i m i l a r y , t h e b a r r e l c o a t e r c a p a c i t y f o r s m a l l p a r t s such a s f a s t e ners has i n c r e a s e d t o s e v e r a l hundred pounds p e r hour. P r o c e s s i n g p a r a m e t e r s have been r e f i n e d t o improve c o a t i n g performance.
I V D aluminum c o a t i n g i s now r e c o g n i z e d by a number of government, i n d u s t r i a l and commerc i a l s p e c i f i c a t i o n s . There i s a m i l i t a r y s p e c i f i c a t i o n f o r t h e c o a t i n g . (4) The A i r F o r c e c o r r o s i o n p r e v e n t i o n s t a n d a r d i d e n t i f i e s I V D aluminum as a n a l t e r n a t e t o cadmium on steel. (5) It i s b e i n g used on a n i n c r e a s i n g number o f programs, and because of i t s v e r s at i l i t y , € o r a n i n c r e a s i n g number of a p p l i c at i o n s . P r o d u c t i o n I V D c o a t i n g s such a s c o p p e r / aluminum and l e a d / t i n have a l s o been i n t r o d u c e d . New a p p l i c a t i o n s f o r che p r o c e s s a r e c o n t i n u a l l y b e i n g i d e n t i f i e d .
BACKGROUND AND PROCESS DESCRIPTION
Cadmium e l e c t r o p l a t i n g has been w i d e l y used f o r p r o t e c t i n g s t e e l f o r many y e a r s . However, w i t h t h e u s e of h i g h s t r e n g t h s t e e l and aluminum a l l o y s o n a i r c r a f t , problems w i t h cadmium becaae a p p a r e n t . Cadmium e l e c t r o p l a t i n g on h i g h s t e n g t h s t e e l o f t e n caused hydrogen e m b r i t t l e m e n t , and cadmium p l a t e d f a s t e n e r s i n s t a l l e d i n h i g h s t r e n g t h aluminum a l l o y s helped promote e x f o l i -*Numbers i n p a r e n t h e s e s d e s i g n a t e r e f e r e n c e s a t t h e end of p a p e r . a t i o n c o r r o s i o n i n t h e c o u n t e r s i n k s . Also, cadmiun: was fount! t o c a u s e s o l i d metal e m b r i t t l e m e n t of t i t a n i u m s t r u c t u r e and i s n o t c o m p a t i b l e w i t h f u e l s . I t i s t e m p e r a t u r e l i m i t e d and because o f i t s t o x i c i t y may c a u s e harmful e f f e c t s t o t h e environment.
K A I R began l o o k i n g f o r a v i a b l e a l t e r n a t e f o r cadmium i n t h e e a r l y 1 9 6 0 ' s . A f t e r e x t e n s i v e paper s t u d i e s and t e s t i n g , a n aluminum c o a t i n g was s e l e c t e d a s t h e b e s t s u b s t i t u t e . Being t h e l e a s t d i s s i m i l a r t o aluminum a l l o y s t r u c t u r e , i t i s i d e a l l y c o m p a t i b l e . Furthermore, aluminum i s a n o d i c t o s tee1 and p r o v i d e s g a l v a n i c p r o t e c t i o n a s does cadmium. i e n c e w i t h vacuum d e p o s i t e d cadmiurn, vacuum c o a ti n g p r o c e s s e s f o r aluminum were brought under i n v e s t i g a t i o n t o s o l v e t h e problem of hydrogen e m b r i t t l e m e n t o f h i g h s t r e n g t h s t e e l . These 
l a b o r a t o r y c o a t i n g systems and v e r i f i e d by f i e l d t e s t s . The production f e a s i b i l i t y of t h e p r o c e s s was demonstrated w i t h a f u l l s c a l e c o a t i n g s y s t e m f a b r i c a t e d and d e l i v e r e d t o t h e Naval A i r Rework F a c i l i t y -San Diego, i n 1974. Since t h e n , 32 c o a t i n g systems f o r both f a s t e n e r s and l a r g e r s t r u c t u r a l components have been f a b r i c a t e d .
Schematics of t h e b a s i c equipment a r e shown i n F i g u r e 1. chamber pumpdown, b a c k f i l l i n g w i t h a n i n e r t g a s , glow d i s c h a r g e c l e a n i n g and t h e d e p o s i t i o n of p a r t i a l l y ionized aluminum (1100 a l l o y ) vapor on t h e p a r t s u r f a c e .
of t h e p r o c e s s i s a v a i l a b l e i n published l i t e r at u r e . (1) t r e a t e d i n accordance w i t h MIL-C-5541 which prov i d e s a d d i t i o n a l c o r r o s i o n r e s i s t a n c e and forms a good b a s e f o r p a i n t a d h e s i o n . 
There a r e two s t a n d a r d t y p e s of I v a d i z e r s f o r a p p l y i n g I V D aluminum. O p e r a t i o n of t h e vacuum s y s t e m is e s s e n t i a l l y automated t o e n s u r e sequencing f o r optimum p r o d u c t i o n c y c l e s . One t y p e c o a t e r i s a 6 f o o t d i a m e t e r by 1 2 f o o t l o n g r a c k u n i t ( s e e F i g u r e 2 ) f o r c o a t i n g d e t a i l s that r e q u i r e hand r a c k i n g . The o t h e r i s a 4 f o o t d i ameter by 6 f o o t l o n g b a r r e l c o a t e r ( s e e F i g u r e 3 ) f o r c o a t i n g small d e t a i l s l i k e f a s t e n e r s t h a t c a n b e b a r r e l tumbled. The e v o l u t i o n of I V D c o a t e r s over the p a s t decade h a s r e s u l t e d i n h i g h l y e f f i c i e n t systems. The f i r s t r a c k t y p e c o a t e r s were of t h e double ended d o o r c o n f i g u r a t i o n . The evaporation system was a t t a c h e d t o o n e d o o r and t h e p a r t s r a c k a t t a c h e d t o t h e o t h e r . Each door r o l l e d away from t h e chamber o n t r a c k s f o r a c c e s s t o t h e system. These e a r l i e r c o a t e r s used up t o 1 2 f i x e d e v a p o r a t o r s ( b o a t s ) p o s i t i o n e d clown t h e c e n t e r of t h e chamber. P a r t s which were s u p p o r ted from a r a c k above t h e evaporators were passed a c r o s s t h e d i a m e t e r o f t h e chamber o v e r t h e b o a t s . Improvements t o t h i s c o n f i g u r a t i o n included t h e development of a l a r g e p a r t s holding r a c k which c o u l d e a s i l y b e loaded and unloaded. A s i n g l e hinged door which opens 180' r e p l a c e d t h e two end doors. A d d i t i o n a l l y , movable evapora t o r s were developed t o r e p l a c e t h e s i n g l e row of f i x e d e v a p o r a t o r s . Seven e v a p o r a t o r s a r e now mounted t o span t h e opening of t h e chamber.
Racked Parts Coater
They a r e programmed to t r a v e l down t h e l e n g t h of t h e chamber a t a s e t r a t e w h i l e e v a p o r a t i n g aluminum. The a d v a n t a g e of t h i s system i s a n a p p r o x i m a t e 100% improvement i n throughput, b e c a u s e about twice a s many p a r t s c a n b e proc e s s e d w i t h i n t h e same c o a t e r envelope, w i t h fewer e v a p o r a t o r s .
Today's r a c k c o a t e r f e a t u r e s a 5 f o o t wide by 1 0 f o o t long p a r t s holding r a c k from which p a r t s a r e supported by hangers above t h e t r a n sl a t i n g e v a p o r a t i o n s o u r c e . Two such r a c k s a r e recommended f o r e a c h c o a t e r t o permit t h e racking/removal o f p a r t s from one r a c k w h i l e p a r t s f i x t u r e d t o t h e o t h e r r a c k a r e being coaLed. The r a c k i s loaded i n t o and removed from t h e c o a t e r by means of a n air-cushioned s u p p o r t d o l l y ( s e e F i g u r e 4 ) . The s p i n d l e s a r e connected by c h a i n and s p r o c k e t t o a main d r i v e system t h a t p e n e t r a t e s the chamber w a l l by u s e of a r o t a r y p a s s -t h r o u g h (see F i g u r e 5). I n t h i s manner, t h e p a r t s can b e r o t a t e d 180' which a l l o w s c o m p l e t e c o v e r a g e w i t h o u t i n t e r r u p t i n g t h e c o a t i n g c y c l e . i n c r e a s e i n t h r o u g h p u t and a d e c r e a s e i n c o s t . T a b l e 1 l i s t s r e l i a b i l i t y / a n d o r throughput improvements that h a v e been made t o t h e r a c k coa ter .
The r e s u l t i s a n a d d i t i o n a l The s t a n d a r d b a r r e l c o a t e r f e a t u r e s two 1 4 i n c h d i a m e t e r b y 4 f o o t l o n g b a r r e l f i x t u r e s ( s e e F i g u r e 1) t o c o a t small p a r t s by tumbling them i n b a r r e l s . R o t a t i n g rack-type p a r t s h o l d e r s a r e a l s o a v a i l a b l e f o r l a r g e r p a r t s which cannot b e tumbled.
These f i x t u r e s , u s i n g t h e same r o t a r y d r i v e mechanism as that f o r t h e b a r r e l s , i n c r e a s e t h e v e r s a t i l i t y of t h e c o a t e r .
t o hold l a r g e r d e t a i l p a r t s i n t h e b a r r e l c o a t e r (see F i g u r e 6).
S e v e r a l t y p e s of r a c k f i x t u r e s were developed General f i x t u r e s u t i l i z e s p r i n g s , c l i p s o r r o J s t o s u p p o r t t h e p a r t s . They can b e designed t o accommodate s p e c i f i c o r m u l t i p l e p a r t c o n f i g u r a t i o n s . Another t y p e i s a f u l l y a d j u s ta b l e h o l d i n g f i x t u r e that accommodates minor v a r ia t i o n s of t h e same t y p e p a r t . A number of p a r t s can b e mounted i n t h e f i x t u r e i n a s t a g i n g a r e a and t h e n t h e f i x t u r e loaded on t h e r a c k framework a l r e a d y assembled i n t h e c o a t e r . S e v e r a l hundred p i e c e s p e r l o a d (depending on s i z e ) can be processed w i t h e i t h e r t y p e f i x t u r e . 
Both b a r r e l and r a c k f i x t u r e d p a r t s a r e c o a t e d i n t h e b a r r e l c o a t e r by being r o t a t e d above a s t a t i o n a r y e v a p o r a t i o n s o u r c e . The c o a t e r o p e r a t i o n u s i n g b a r r e l s i s semi-continuous w i t h p a r t s b e i n g l o a d e d and d i s c h a r g e d t h r o u g h a i r l o c k s which p r e v e n t l o s s o f vacuum t h e r e b y d e c r e a s i n g p r o c e s s t i m e .
T h e i n i t i a l b a r r e l c o a t e r s were d e s i g n e d f o r common s i z e a e r o s p a c e f a s t e n e r s . The z g e r a g e c o a t i n g c y c l e f o r t h i s system is 40 m i n u t e s f o r a 60 pound l o a d o f s t e e l f a s t e n e r s .
A d e r i v a t i v e b a r r e l c o a t e r h a s been d e v e l o p e d i n r e s p o n s e t o a need f o r b o t h a h i g h e r t h r o u g h p u t c a p a b i l i t y f o r f a s t e n e r s and f o r c o m p a t i b i l i t y t o c o a t d e t a i l s t h e s i z e of e l e c t r i c a l c o n n e c t o r
s h e l l s on a semi-continuous b a s i s .
T h i s system f e a t u r e s a r e d e s i g n e d p a r t s loading s y s t e m , b a r r e l system and b a r r e l end c l o s u r e s r e s u l t i n g i n l o a d volume i n c r e a s e s of 75%. The volume i n c r e a s e i s coupled w i t h an approximate 100% i n c r e a s e i n t h e e v a p o r a t i o n r a t e of t h e aluminum w i r e . The throughput of t h i s d e r i v a t i v e I v a d i z e r i s a p p r o x i m a t e l y 300 pounds of steel f a s t e n e r s a n hour. P r o d u c t i o n throughput f o r a 1-1/4 i n c h d i ameter by 1-112 i n c h long e l e c t r i c a l c o n n e c t o r d e t a i l (see F i g u r e 7) h a s been i n c r e a s e d by 330% t o 1550 p i e c e s p e r hour.
have b e e n made t o t h e b a r r e l COater.
T a b l e 2 l i s t s i m p o r t a n t improvements which Improved Wire Feed Mechanism Greater D i s t a n c e Between E v a p o r a t i o n Source and t h e B a r r e l s Wider E v a p o r a t i o n Source Improved Barrel End C l o s u r e s Reconfigured Barrel S u p p o r t Mechanism/Enlarged I n l e t Hopper and O u t l e t C a n i s t e r s Improved E v a p o r a t i o n S o u r c e Cooling Improved E v a p o r a t i o n Rate R e s u l t E l i m i n a t e d W i r e S p l a t t e r i n g and Coating Nodules E l i m i n a t e d Wire Feed Jamming Improved Coating Uniformity Improved Evaporator L i f e , E l i m i n a t e d Wire Missing Evaporator E l i m i n a t e d F a s t e n e r S p i l l a g e I n c r e a s e d Coater Capacity/Throughput and Expanded A p p l i c a t i o n s o I t does n o t cause a r e d u c t i o n i n f a t i g u e p r z p e r t i e s as does a n o d i z i n g o Higher f a t i g u e p r o p e r t i e s a l l o w f o r a less b e e f y d e s i g n which s a v e s weight o I t o f f e r s e x c e l l e n t s a c r i f i c i a l and stress c o r r o s i o n r e s i s t a n c e p r o t e c t i o n .
Cross-Section of Aluminum Countersinks
Wet o It p r o v i d e s optimum g a l v a n i c compatib i l i t y t o :he aluminum a l l o y s t r u c t u r e (See F i g u r e 10) o It o f f e r s e x c e l l e n t s a c r i f i c i a l c o r r os i o n r e s i s t a n c e t o a l l o y steel f a s t e n e r s
o I t i s c o m p a t i b l e w i t h t i t a n i u m (no s o l i d metal embr i t tlement)
o It i s less expensive t h a n most b a r r i e r t y p e c o a t i n g s l i k e p a i n t s and sealants ("wet i n s t a l l a t i o n " ) .
The number of a d d i t i o n a l c o s t e f f e c t i v e a p p l i c a g i o n s f o r t h e v e r s a t i l e c o a t i n g c o n t i n u e s t o growf I V D aluminum c o a t i n g i s now being u s e d on:
TINGS (SEE FIGURE 1 1 ) I N PLACE OF ANODIZING-The c o a t i n g p r o v i d e s t h e e l e c t r i c a l bond a c r o s s t h e f i t t i n g which d i s s i p a t e s s t a t i c e l e c t r i c a l c h a r g e s generated by f u e l o r a i r f l o w , and a l s o p r o t e c t s t h e f i t t i n g a g a i n s t c o r r o s i o n . With a n o d i z i n g , a bonding jumper o r o t h e r t e c h n i q u e i s needed t o e s t a b l i s h t h e r e q u i r e d conductiqe path.
Substant i a l c o s t s a v i n g s a r e r e a l i z e d by e l i m i n a t i n g t h e bonding jumper i n s t a l l a t i o n s t e p . 
ALUMINUM ALLOY FUEL AND PNEUMATIC LIKE FIT-
n f a c t , less e x p e n s i v e t h a n many.
T y p i c a l I v a d i z e r s . c o r r o s i o n p r o t e c t i o n system f o r t h e Navy F-18 and i s used e x t e n s i v e l y on t h e Marine AV-8B m i l i t a r y a i r c r a f t . o f a l l s t r e n g t h l e v e l s , f a t i g u e c r i t i c a l aluminum a l l o y s t r u c t u r e , and steel and t i t a n i u m f a s t e n e r s i n s t a l l e q i n aluminum a l l o y s t r u c t u r e . 
o n n e c t o r s . To meet a d h e s i o n r e q u i r e m e n t s , cadmium i s u s u a l l y e l e c t r o p l a t e d o v e r a copper o r n i c k e l s t r i k e . IVD aluminum c a n r e p l a c e b o t h t h e cadmium p l a t i n g and s t r i k e .
I t can a l s o r e p l a c e n i c k e l p l a t i n g f o r h i g h t e m p e r a t u r e a p p l i c a t i o n s .
I V D aluminum p r o v i d e s t h e needed e l e c t r i c a l cond u c t i v i t y a l o n g w i t h c o r r o s i o n p r o t e c t i o n t h a t
a n being cast because o f a n o d i z i n g d i f f i c u l t i e s w i t h some c a s t i n g s .
I V D aluminum c a n be a p p l i e d d i r e c t l y t o c a s t i n g d e t a i l s , a n d where r e q u i r e d , t h e c o a t e d p a r t c a n be a n o d i z e d . A c a s t i n g , c o a t e d w i t h I V D aluminum and a n o d i z e d , i s u s u a l l y f a r l e s s e x p e n s i v e t h a n a n a n o d i z e d , wrought d e t a i l . 
POWDER METALLURGY DETAILS -I V D aluminum c o a ti n g p r o v i d e s e x c e l l e n t c o r r o s i o n r e s i s t a n c e and a d h e s i o n t o powder i r o n d e t a i l s . o f f e r s c o s t a d v a n t a g e s b e c a u s e t h e i m p r e g n a t i o n s t e p o f t e n r e q u i r e d t o p r o t e c t t h e s u b s t r a t e from c o n t a m i n a t i o n by e l e c t r o p l a t e b a t h s is n o t r e q u i r e d . HIGH TEMPERATURE APPLICArIONS -IVD aiuminum c o a t i n g h a s a u s e f u l s e r v i c e t e m p e r a t u r e o f 925'F. T h i s f e a t u r e a n d its e x c e l l e n t c o r r o s i o n resist a n c e h a s l e d t o a p p l i c a t i o n s o n t h e a f t e n g i n e
h a n g e r s on t h e DC-10 and Boeing 767 a i r c r a f t . 
U n i t e d A i r l i n e s r e p o r t e d that b e f o r e t h e u s e of I V D aluminum i t w a s n e c e s s a r y t o remove and r e f u r b i s h DC-10 a f t e n g i n e mounts e v e r y 1500 t o 3000 f l i g h t h o u r s . They now r e p o r t some e n g i n e mounts c o a t e d w i t h I V D aluminum (See F i g u r e 1 3 ) h a v e 9000 f l i g h t h o u r s and show no d e l e t e r i o u s e f f e c t s . There a r e s e v e r a l p r o m i s i n g new a p p l i c a t i o n s where I V D aluminum i s being t e s t e d . These i n c l u d e : ELECTRICAL "BLACK BOXES" AND SIMILAR APPLI-CATIONS INVOLVING ALUMINUM ALLOYS WITH CONDUCTIVE SURFACE REQUIREMENTS -IVD aluminum c o a t i n g o f f e r s f a r s u p e r i o r c o r r o s i o n r e s i s t a n c e p r o t e ct i o n than t h e commonly used e l e c t r o p l a t e d t i n (see F i g u r e 1 4 ) . The aluminum c o a t i n g i s s a c r i f i c i a l The c o a t i n g t o t h e s u b s t r a t e whereas t i n i s more n o b l e . I V D aluminum also meets e l e c t r i c a l r e s i s t a n c e r e q u i i em e n t s when t r e a t e d w i t h a chromate c o n v e r s i o n c o a t i n g p e r MIL-C-5541 and normal j o i n t clamp-up f o r c e s are used. I n i t i a l d a t a a c t u a l l y shows I V D aluminum c o a t e d d e t a i l s hare a lower j o i n t resist a n c e a f t e r exposure t o c o r r o s i v e environments t h a n t h e t i n p l a t e d d e t a i l s .

IVD Aluminum Provides
5% Neutral Salt Fog
Tin Electroplated (Substrate Pitting) 
.S. Army t e s t s show I V D aluminum o f f e r s t h e b e s t p r o t e c t i o n a g a i n s t c o r r o s i o n and s t r e s s c o r r o s i o n cracking on d e p l e t e d uranium p e n e t r a t o r c o r e s . I V D a l uminum w i l l be used pending s u c c e s s f u l f i e l d t e s t s . D e r i v a t i v e I V D c o a t i n g s of 90%
copper/lO% aluminum and 85% l e a d / l 5 % t i n a r e now b o t h i n u s e . S t a n d a r d I v a d i z e r equipment c a n a p p l y t h e s e c o a tiny; a s w e l l as t h e I V Q aluminum c o a t i n g . I t p r o v i d e s e x c e l l e n t wear r e s i s t a n c e and a n t i -f r e t t ing p r o t ec t i o n I t c a n b e a p p l i e d more uniformly than plasma s p r a y o n odd shapes due t o wrap around I t c a n be a p p l i e d t h i n n e r t h a n plasma s p r a y e d c o a t i n g s w i t h o u t degrading perf ormance I t p r o v i d e s a smooth s u r f a c e t h a t c a n b e work hardened I t e x h i b i t s a d h e s i o n s t r e n g t h s g r e a t e r than 7500 p s i when t e s t e d i n l a p s h e a r . Thi! b n i q u e p r o p e r t i e s of a dense, a d h e r e n t p u r e aluminum c o a t i n g a r e w e l l understood, and t h e e x c e p t i o n a l performance o f t h e IVD aluminum c o a t i n g h a s been monitored and w e l l documented.
I V D COPPER-ALIJNINLJM CAN BE APPLIED BENEFI-C I ALLY
Advantages o f t h e c o a t i n g i n c l u d e : o E x c e l l e n t c o r r o s i o n r e s i s t a n c e o High t e m p e r a t u r e u s e o No r e d u c t i o n i n b a s e inetal p r o p e r t i e s o Complex s h a p e a p p l i c a t i o n s o C o m p a t i b i l i t y w i t h f u e l s o No p o l l u t i o n I V D equipment h a s been i n p r o d u c t i o n u s e p r o v i d i n g s u c h a c o a t i n g f o r n e a r l y a decade.
Coating o p e r a t i o n s have been shown t o be c l e a n , s i m p l e , non-labor i n t e n s i v e , and f a c i l i t y and s p a c e r e q u i r e m e n t s a r e minimal. Production e x p e r i e n c e has l e d t o t h e e v o l u t i o n o f h i g h l y r e l i a b l e and e f f i c i e n t c o a t i n g equipment s e r v i n g a w i d e r a n g e of i n d u s t r i a l a p p l i c at i o n s . T h i s e v o l u t i o n w i l l c o n t i n u e as i f -. c ' .
-t i p . t e c h n o l o g y , having s u c c e s s f u l l y made t h e t r a n s i t i o n from t h e l a b o r a t o r y t o t h e manufact u r i n g f l o o r , c o n t i n u e s t o meet t h e r e q u i r e m e n t s of t h e m a r k e t p l a c e . The d e s i g n e r , c o r r o s i o n e n g i n e e r , and p r o d u c t i o n manager can a l l l o o k w i t h c o n f i d e n c e t o t h e u s e of I V D a p p l i e d a l uminum c o a t i n g s t o s o l v e t h e i r immediate and f u t u r e f i n i s h i n g needs. REFERENCES
1.
.
5. Provides better galvanic compatibility with aluminum structure *Offers superior protection against stress corrosion cracking and post hydrogen embrittlement
As a result IVD aluminum has been the standard MCAIR drawing callout for alloy steel details of all strength levels since 1976. In December of 1981, MCAlR completely closed its vacuum cadmium processing line, and has greatly reduced usage of electroplated cadmium. MCAlR P.S. 131 01, the electroplating cadmium process specification, and MCAlR P.S. 13145, the vacuum cadmium process specification. contain the following statements:
*P.S. 13101 -1.3 " . . . P.S. 13143, IVD Aluminum, may be used as a substitute except when parts require the use of special anodes for plating internal hole diameters. Substitute aluminum coatings shall be the same type and class as the cadmium coatings they replace except that a Class 3 IVD coating shall be used on threads to meet Engineering drawing thread tolerances.'' NOTE: Even when plating of deep internal hole diameters is required, alternatives to cadmium are available.
*P.S. 13145 -1.4 " . . . P.S. 13143 (IVD Aluminum) shall be applicable when P.S. 13145 is specified in Engineering drawings. When P.S. 13143 is used as a substitute, the IVD Aluminum coating shall be the same class and type as that specified for P.S. 13145 except that the coating thickness on threads shall conform to P.S. 13143, Class 3." ' MCAlR encourages its subcontractors who use cadmium to change to IVD aluminum in situations where cost is not affected. There is no paperwork change required where cadmium is invoked by either MCAIR P.S. 13101 or MCAlR P.S. 13145. In cases where it is invoked by another specification, the change should be 'implemented by drawing and/or purchase order callout. Please direct any technical questions regarding specific applications to: 
Standard Features
Compact easy-to-use control console and electrical system provide manual or semi-automatic control in one central location for eff icfent, trouble-free operation. Programmable high-speed controller provides automatic control of pumpdown. Combined mechanicaVdiff usion pumping systems offer minimized pumpdown time for improved production rates.
controlled from the front panel provides 2 kV at 3 A and is safety interlocked. Saturable core reactor power supply with an output of 12 V.a.c. and 900 A continuous. Evaporator system fully equipped with evaporator boats, boat clamps, wire feeders, guide tubes, a wire supply and shielding to reduce maintenance and prevent shorting. Evaporator stations are individually adjustable for pre-heat and run power.
High-voltage power supply, Advanced boron nitride-titanium Barrel Coating Accessory diboride formula is used for boats maximizes load capacity for small to optimize the evaporation speed.
components and utilizes glowTranslating evaporation system, discharge-ground planes to focus continuous aluminum feed and plasma on the parts being evaporation, and standardized processed. parts racking system accommodate Loading dolly utilizes air bearings high production rates. 
Dimensions & Specifications
Abar lpsen Industries with a policy of continuous improvement reserves the right to change specifications as our technology progresses. 
TOCLAVE ROUTE
DESCRIPTION ION VAPOR DEPOSITED ALUMINUM COATING SYSTEM
To apply the coating, this system vaporizes aluminum wire in a vacuum chamber. When given a negative charge, the blade to be coated attracts the vaporized aluminum ions, causing them to condense and adhere to the blade's surface. The next step is application of a chromate conversion coat, which brings the total coating thickness to about 1 mil. A sacrificial reaction of the aluminum with corrodents provides high corrosion resistance. The process allows relatively rapid application of highly uniform, precisely controlled coating thicknesses on all or part of a blade. It is also easy to strip and reapply the coating if necessary. (The system specification is Mil-C-83488, Class I, Type 11. )
NICKEL-CADMIUM ELECTROPLATE COATING SYSTEM
Developed over 30 years ago, this coating is used extensively in the aircraft industry. The electroplate process (specification AMS 2416E-8) coats a blade by depositing nickel from a sulfamate bath. followed by application of a cadmium plating, chromate treatment, and a diffusion treatment at 6 3 O O F . Although the typical coating thickness is about 1 mil, users can obtain a thicker coating by increasing the nickel thickness. This system provides high corrosion resistance, partly because of the cadmium's sacrificial reaction with the corrodents. and partly because nickel is an effective, corrosion-resistant barrier coating. lt also allows control of the coating thickness, partial or total coating of the blade, and coating stripping. Because of the toxic properties of cadmium vapor, this coating system should not be applied where temperatures greater than 6OOOF will occur in service. Appropriate safety precautions are necessary during application or repair.
AVAl LAB I Ll TY
The following vendors participated in the field demonstrations of these coatings and can apply at least one of the coating systems: IVD aluminum coated fasteners have been in production for seven years. Even with relatively severe interference fits, the higher coefficient of friction is normalized with a lubricant, such as cetyl alcohol.
In comparison with aluminum paint-type coatings on fasteners, IVD aluminum has advantages such as providing "sacrificial" protection and electrical conductivity. Also paint-type coatings are generally thicker and uniformity can be a problem, especially on threads. 
